Abstract. The absolute motion of the South Bismarck Plate was first estimated by Tregoning et al. [1998] from three site velocities estimated from Global Positioning System (GPS) observations. We report an improved estimate of the Euler vector for this plate using site velocities derived from new GPS data which include the velocity of a site located ∼25 km from the pole of rotation. The GPS velocities of Madang, Witu, Jacquinot Bay and Finschafen can be modelled to within ∼3 mm/yr using a single pole of rotation located at 6.75
Introduction
The South Bismarck Plate (SBP) is one of several microplates in Papua New Guinea (PNG) which are trapped in the collision of the Australian and Pacific Plates (Figure 1) . The SBP is bounded on the southern side by the Solomon Sea Plate at the New Britain Trench, eastward and northward by the Pacific Plate at the Weitin Fault and the Bismarck Sea Seismic Lineation (BSSL) [Denham, 1969] and in the southwest by the Australian Plate at the RamuMarkham Fault [Johnson, 1979] . Each of these boundaries represents a different form of interaction between the SBP and neighbouring plates; arc-continent collision with the Australian Plate, subduction of the Solomon Sea Plate and a combination of sinistral motion and extensional zones at the Pacific Plate boundary. Tregoning et al. [1998] estimated an Euler vector which modelled the absolute motion of the SBP. This vector was derived from the GPS velocities of three sites, Madang, Witu Island and Jacquinot Bay (MAD1, WITU and JACQ -Figure 1) which were estimated as part of a large-scale GPS velocity field spanning most of PNG. The velocity of WITU was poorly determined owing to the sparse number of occupations of the site; hence, the estimation of the Euler vector was largely based on the velocities of JACQ and MAD1. We present new estimates of site velocities from recent GPS surveys and re-estimate the Euler vector of the SBP. Finally, we look at the predicted relative motions at the boundaries of the SBP and the Pacific Plate.
Geodetic Data
The geodetic data used in this analysis is a compilation of three datasets of GPS observations in PNG. We used data observed at MAD1, WITU and JACQ at various times between 1990 between and 1996 between [McClusky et al., 1994 Tregoning et al., 1998 ] and data collected in the Markham Valley region between 1996 and 1998 [Stevens et al., 1998 ] which includes observations at Finschafen (FINS - Figure 1 ), located ∼25 km from the pole of rotation of the SBP. Finally, we include observations made at FINS in April 1999 and WITU in September 1998.
The GPS data were analysed using the GAMIT/GLOBK software [King and Bock, 1997; Herring, 1997] , following the procedures of, for example Feigl et al. [1993] to estimate satellite orbits, station coordinates, initial carrier phase ambiguities and tropospheric delay parameters at each site. Loosely constrained daily solutions were then used as quasiobservations in GLOBK to estimate station coordinates and velocities in a single free network. We then aligned this network with ITRF97 [Boucher et al., 1999] by computing 6 parameter Helmert transformations (3 rotations, 3 translations) of the coordinates and velocities of the 47 core International GPS Service (IGS) [Altamimi, 1998 ] sites in ITRF97. See, for example [Feigl et al., 1993; Tregoning et al., 1998 ] for comprehensive explanations of the analysis procedures.
The GPS daily solutions vary considerably in terms of the quality of the data and the number and location of the global tracking sites available. We used the same a priori uncertainties for all solutions which resulted in quasi-observations (ie station coordinates) used in the Kalman filter having different levels of accuracy, although similar a priori uncertainties. We accounted for this inconsistency by iterating the filter solution and scaling each quasi-observation by its estimated χ 2 per degree of freedom. This approach is reasonable for cases when the a priori modelling uncertainties are close to their true value [Dong et al., 1998 ] and produces a χ 2 per degree of freedom of ∼1 for each quasi-observation. See [Dong et al., 1998 ] for more information on the scaling procedure. The resulting uncertainties of the station velocities are ∼0.4 to 0.8 mm/yr for the north components and ∼0.8 to 2.3 mm/yr for the east components (Table 1) with the value depending on the number and time distribution of the observations at each site.
Using a white noise model in the analysis of the GPS data can lead to under-estimating the uncertainties of the GPS velocities by factors of 1.5-11 [Zhang et al., 1997; Mao et al., 1999] . We show below that, after multiplying our formal uncertainties by 1.5, we can model the motion of sites on the SBP with 95% certainty without invalidating the assumption that the SBP is moving as a rigid plate. Table 2 shows the rate of change of baseline lengths (with 95% confidence interval uncertainties) between the sites listed in Table 1 . To within the uncertainties of our estimates, none of the rates of change of baseline length is significantly different from zero; hence, we conclude that these sites appear to be moving as part of a single, rigid plate.
Euler Vector Estimation
We inverted the 4 GPS site velocities to estimate an absolute Euler vector which represents the motion of the SBP in the ITRF97 reference frame (Table 3) . Table 1 shows the relative motion of the sites with respect to our new estimated pole and to the pole of Tregoning et al. [1998] . The new pole clearly fits the observed velocities more closely (Table  1 and Figure 2 ). The pole position and the 95% error ellipse of the new pole are shown in Figure 1 .
Knowledge of the rigid motion of the SBP forms the basis for the analysis of deformation which is occurring at the boundaries of the South Bismarck/Pacific Plates in New Ireland and the South Bismarck/Australian Plates at the Ramu-Markham Fault. These regions are the subject of ongoing investigations into present-day tectonic motion. Since the pole of the SBP is located close to the plate itself, a small change in pole position can result in significant changes in the predicted site velocities. The new pole estimate falls within the error ellipses of the pole estimated by Tregoning et al. [1998] ; however, their pole lies outside the 95% error ellipse of our estimate. The estimated rates of rotation of each pole are not significantly different at the 68% confi- (Table 3 ). These relative poles will be used below to predict the motion at the boundaries of the SBP.
Discussion
Tectonic motion in Papua New Guinea can have major ramifications on the lives of the local people. Events such as the Sandaun tsunami in July 1998 [Letz et al., 1998 ] which devastated the northern coastline near Sissano, and the volcanic eruptions at Rabaul in 1994 [McKee et al., 1995] , which destroyed the township of Rabaul, have occurred close to the boundaries of the SBP. In addition, in April/May 1999 a sequence of earthquakes with Mw > 6 occurred along the southern boundary of the SBP from New Ireland to the Ramu-Markham Fault. Hence, defining the boundaries and understanding the motion of this microplate brings into sharper focus areas of PNG that face significant risk from tectonic events. Recent paleomagnetic studies in the Finis- [Weiler and Coe, 1998 ]. The coherence of the declination anomalies suggests that the rotation results from a rigid plate rotation of 40
• at a rate of 8 • /Myr. Such motion is consistent with our estimated motion of the SBP about an Euler pole in the Huon Gulf and provides independent support for our estimated motion of the SBP. There is very close agreement between rates of rotation estimated over a 5 year period from GPS and over a 5 My period from palaeomagnetic data.
The location of the western extremity of the SBP is not certain. The South Bismarck Plate may terminate where the BSSL meets the New Guinea continent near Wewak, whilst the Ramu-Markham Fault terminates near the western end of the Finisterre Range. Geodetic and seismic studies across the Ramu-Markham Fault have revealed that the fault is a north-dipping, low-angle mid-crustal detachment fault that connects to a steep ramp below the Markham Valley [Stevens et al., 1998 ]. Monitoring of this fault is currently underway as part of another project.
The relative pole of the Australian and South Bismarck Plates is located close to the boundary between these two plates (Table 2 and Figure 1) . The SBP and Australian Plate predicted motions are the same at this location. Hence, this boundary zone is probably a region of low strain accumulation in the lithosphere and there may not be a well defined boundary between the plates; rather, a gentle tran- a Rotation is in a clockwise direction about the pole. The error ellipses of the poles are described by the 1σ semi-major and semi-minor axes of each error ellipse and the clockwise angle from True North of the semi-major axis.
b The rotation rate uncertainties of Tregoning et al.
[1998] were unrealistically small because of an error in the program used to calculate their relative Euler vectors.
sition from one plate to the other.
The type of relative motion between the South Bismarck and Pacific Plates changes several times along their common boundary. In the west (145
• E), the predicted motion is 120 mm/yr in a 76
• direction along a section of the BSSL which trends E-W [Taylor, 1979] . Our model implies that there is ∼116 mm/yr strike-slip motion and ∼30 mm/yr of convergence occurring, consistent with the the conclusions of Taylor [1979] who suggested that this section of the transform fault may act as a "leaky" transform rather than a pure strike-slip fault. The predicted spreading on the actively spreading NE-SW segment of the BSSL (near 150
• E) is 130 mm/yr in a 115
• direction, consistent with the estimate of 132 mm/yr from sea-floor magnetic anomalies [Taylor, 1979] . Taylor [1979] showed the eastern transform fault of the BSSL continuing southeast through the eastern tip of New Britain. Whilst there is some bathymetric evidence of this fault off the coast near Rabaul, there is no obvious continuation of it to the east of the Gazelle Peninsula (R. Binns, pers. comm.). It is more likely that the majority of the strike-slip motion occurs further east on the Weitin Fault which cuts through the southern part of New Ireland (Figure 1 ) or that the relative motion is distributed over a number of faults throughout the region [Mori, 1989] .
If we adopt the Taylor model, the predicted relative motion on this postulated fault through New Britain is 134 mm/yr with an azimuth of 309
• . If the boundary lies along the Weitin Fault, the predicted relative motion is 139 mm/yr with an azimuth of 313
• . In both cases, the motion is approximately parallel to the transform faults which bear ∼320
• [Mori, 1989] . The convergent component of the relative motion normal to the Weitin Fault would be ∼17 mm/yr; however, this value is sensitive to the assumed strike of the Weitin Fault. A GPS network which spans the eastern margin of the SBP was established in September 1998. Future observations of this network will reveal the current tectonics of the region and will help to identify the likely regions of rapid relative motion. the South Bismarck Plate from this study (solid arrows with 95% confidence error ellipses) and Tregoning et al. [1998] (white arrows). The residual velocities of the GPS vectors with respect to the new model (solid arrows) are so small that they are barely visible at MAD1 and FINS.
